The density-matrix approach to treat the resonant coherent excitation of swift ions in oriented crystals is applied for a unified theoretical description of the charge state distribution of relativistic resonant coherently excited ions, their characteristic Xray radiation and, as a new aspect, the Auger electron production from doubly excited states.
channeled relativistic ions. The present work is stimulated by recent RCE experiments of the Tokyo RCE collaboration including their unambiguous observation of the azimuthal anisotropy of the characteristic X-ray radiation from planar-channeled ions [5] , double RCE experiments [6] , and trajectory dependent measurements of the charge state fraction distribution of the ion beam [7] .
In Sect. 2 we suggest to use experimental technique of [7] to study not only the charge state distribution but also the characteristic X-rays from RCE planar channeled ions resolved over the transverse entrance coordinate z in of the incoming ion. Our treatment shows the close connection of the angular distribution of the X-rays with the to geometrical properties of the in-crystal electric field.
Sect. 3 is devoted to a new direction in physics of autoionization phenomena
opened by experiment [6] . Our preliminary results reported in [2] characteristic X-ray radiation from resonant coherently excited ions. Usually, following Komaki et al. [9] , planar-channeling RCE is treated in the ion rest frame (x, y, z) which x axis is directed along the beam and z axis is perpendicular to the channel. One of the results of the paper [8] is that RCE on a single (k, l) resonance can be most conveniently treated in a special coordinate system, where its X axis is determined by the Lorentz transformation of the corresponding harmonic of the field into its both scalar ϕ( r ′ , t ′ ) and vector A( r ′ , t ′ ) components in the ion rest frame while the Z axis remains perpendicular to the channeling plane. To show the main idea of [8] in this short presentation, we neglect here all effects of the vector potential induced in the ion rest frame and, using the dipole approximation for the electric field in this frame, take a projection of its vector E on the channeling plane for the direction of axis X. One can easily turn from the aforementioned coordinate system (x, y, z) to (X, Y, Z) one by rotation on some angle θ
in the channeling plane.
Considering the geometrical properties of the resonant part of the in-crystal electric field in the ion rest frame, we show that it is a superposition of two oscillating fields, which act in X and Z directions and have c X and c Z amplitudes with a π/2 phase shift between them. Dipole excitation 1s → 2p by these fields occurs into state |ψ = c X |2p X + c Z |2p Z , where |2p j is the 2p electron state with zero projection onto the j-th axis. The angular distribution of E1 photons emitted in the decay of this state has the form
where n j is the projection onto the j axis of the unit vector guiding an observation direction. This distribution can be viewed as a superposition of two is approximately twice larger than that in the z-axis direction. In this case the angle θ ′ is small and therefore the photon yields along corresponding directions of the (X, Y, Z) and (x, y, z) frames differ insignificantly:
That is why the experimentally measured ratio U y /U z is close to our aforementioned ratio U Y /U Z ≈ 2. Larger differences can arise in RCE situations with larger θ ′ values (see [2] for the presentation of these calculations in more detail).
Double resonant coherent excitation
The "Ladder type" double resonant coherent excitation of autoionizing states of helium-like Ar 16+ ions passing through the (220) planar channel of a 27 µm- Developing our earlier study [2] on the double resonant coherent excitation, we show in Fig. 2 Taken into account, this effect leads to an improved agreement between our theoretical calculations and the survival fraction experimental data shown in Fig. 3 normalized as in [6] relative to the background level. On the same way we estimate the total yield of Auger electrons emitted in the process under consideration (Fig. 4) . As Fig. 4 shows, about 40% of the total probability of the electron loss by the propagating ion at the resonance maximum is due to the Auger decay of both 2p 2 : 1 D 2 and 2s2p : 1 P 1 autoionizing states. We used 
Conclusion
Presented results demonstrate the extending scope of applications of the density matrix approach in theoretical RCE studies, and can serve to guide new experiments.
We have found, that the ionic excited state alignment in the RCE process and the characteristic features of the accompanying X-ray radiation can be con- , deg. survival fraction (norm.) , deg. total electron yield 
